Multicomponent cyclocondensation of hydrazine derivatives, ethyl acetoacetate, aromatic aldehydes, and 4-hydroxycoumarin has been reported. e optimization details of the developed novel protocol are recorded. e novel procedure features short reaction time, moderate yields, and simple workup. In addition, BMIM[triflate] was chosen as a green solvent. e structures of the obtained benzylpyrazolyl coumarins were determined and confirmed by 1 H NMR, 13 C NMR, IR, and elemental analysis. e MIC values of benzylpyrazolyl coumarin derivatives were determined by the microbroth dilution method using 96-well plates. However, the derivatives 5a, 5b, 5d, and 5g possess the strongest activities. Compound 5b was the most active derivative against Candida albicans. Moreover, the antioxidant activity determination of these coumarins derivatives 5(a-g)-6(a-g) were studied with the DPPH and compared with gallic acid (GA)and butylated hydroxytoluene (BHT). Molecular modelling studies using DFT (density functional theory) calculations showed that there two tautomers A and B in which A is more stable than B. e benzylpyrazolyl coumarin derivatives 5e and 6f exhibited the most cytotoxic effect on the promising cytotoxic activity with IC50 values 4.45 μg/mL against MDA-MB-231 and 4.85 μg/mL against MCF7, respectively.
Introduction
Coumarin scaffolds are commonly bioactive compounds . Pyrazolone derivatives also exhibit a broad spectrum of biological activities [24] [25] [26] and are also important structural moieties in many drug substances of medicinal applications [22, 27, 28] , such as phenazone, propyphenazone, ampyrone, and metamizole sodium (Figure 1 ). Multicomponent reactions convert three or more starting materials in one pot to a highly functionalized product displaying maximum molecular diversity [29] [30] [31] [32] [33] [34] [35] .
At present, ionic liquids (ILs) are playing a more and more important role in organic synthesis as green catalysts and solvents. Compared with traditional catalysts, these ionic liquids have shown special advantages and potential due to their ideal catalytic performance and the unusual characteristics.
Here, we report the synthesis of pyrazolone-linked coumarin derivatives which were obtained via the fourcomponent domino reaction of 4-hydroxycoumarin, hydrazine derivatives, ethyl acetoacetate, and arylaldehydes; then, the structures of these new coumarin derivatives were characterized by spectroscopic methods ( 1 H and 13 C NMR, FT-IR, and elemental analysis). In addition, the benzylpyrazolyl coumarin derivatives were tested for their antimicrobial and antioxidant activities, which have not been studied in the past.
Results and Discussion
e cyclocondensation of hydrazine derivatives, ethyl acetoacetate, and arylaldehydes with 4-hydroxycoumarins to generate benzylpyrazolyl coumarin derivatives was investigated under a variety of conditions (solvents, reaction time, temperature, and catalysts) (Scheme 1).
Initially, for examination of the catalytic activity, different catalysts such as TFA, HCOOH, Cu(OAc) 2 , ZnO, and glacial acetic acid were selected. en, a model study was carried out by the condensation reaction of hydrazine derivatives, ethyl acetoacetate, aromatic aldehydes, and 4hydroxycoumarin under conventional conditions at different temperatures in the presence of each catalyst, separately.
e corresponding results are summarized in Table 1 .
Several catalysts were tested to check their effects such as TFA, HCOOH, Cu(OAc) 2 , ZnO, and glacial acetic acid ( Table 1 , entries 10-15). e obtained results indicated that glacial AcOH is the best catalyst for this reaction. en, several amounts of this catalyst were evaluated: It was found that 5 mol% of the catalyst gave 65% of yield. When we increased the amounts of the catalyst to 10 mol%, 15 mol%, and 20 mol%, the yields were also found to be increased up to 95%, 94%, and 85%, respectively. After 20 mol%, there is no significant improvement of the yield of the reaction; consequently, 10 mol% of the catalyst was chosen as the maximum quantity of the catalyst for the reaction. e reaction was also performed at different reaction times, and the obtained results showed that the best reaction time was 30 min (Table 1 , entries 1 and 15-17). Based on all of these experiments, the optimum reaction conditions were identified as [BMIM][CF 3 SO 3 ] for 30 min using 10 mmol% of glacial acetic acid. e reaction was then carried out with different series of substituted aromatic aldehydes in order to check the limitations of this methodology. e results are summarized in Table 2 . e aromatic aldehydes carrying both electron-withdrawing and electron-donating functional groups ( Table 2 , entries 2-7) underwent successful condensation with ethyl acetoacetate and hydrazines derivatives. e structures of compound 5 were confirmed from their spectroscopic data including 1 H NMR, 13 C NMR spectra, and elemental analysis.
In the 1 H NMR of compound 5c, two characteristic singlets at 3.34 and 3.55 ppm were assigned to the methyl protons (a) and (b, d), whereas the proton H c appears as a singlet at about 4.17 ppm in accordance with the literature data for other 4-hydroxycoumarin derivatives [36, 37] . 13 C NMR showed the C 2′ signal at δ � 168.06 ppm, the C 4 signal had a chemical shift of δ � 164.90 ppm, while the C 2 , C 3 , Ca, Cc, C b,d , C 1 , and C 5 signals were assigned at δ � 162.87, 103.59, 13.66, 36.34, 40.01, 128.53, and 152.9 ppm, respectively. e compound 5 thus obtained can exist in the form of two tautomers A and B. eoretical calculations with the Gaussian program 09 carried out with the DFT (density functional theory) level with the base 6-31G + (d) and the functional B 3 LYP confirm the stability of the structure A with respect to that of B (ΔE � 2 kcal). Optimized geometries for compounds A and B are shown in Figure 2 .
Encouraged by the obtained results, we tried to extrapolate our method to the condensation with hydrazine. e reaction seemed to be tolerant with different aromatic aldehydes. Overall, yields in the range of 75%-95% were obtained (Table 3 ). e structure of the benzylpyrazolyl coumarin 6 derivatives has been confirmed by their spectroscopic data, and their melting points are compared with literature reports. e presence of signal at 3425 cm −1 in IR spectra was assigned to NH.
Antimicrobial Activity
e in vitro antimicrobial activity of the novel benzylpyrazolyl coumarin derivatives 5(a-g)-6(a-g) were evaluated for in vitro antimicrobial activity by the well diffusion method. All products were screened for activity against Gram-positive bacteria (Micrococcus luteus, Listeria monocytogenes, and Staphylococcus aureus), Gram-negative bacteria (Pseudomonas aeruginosa and Escherichia coli), and fungi (Candida albicans). e minimum inhibitory concentrations (MICs) were determined and are given in Table 4 .
As can be seen, most of the benzylpyrazolyl coumarin derivatives exhibit considerable activity against the tested microorganisms. e results obtained by these tests showed that our different molecules have antimicrobial activity. In fact, regarding the activity against Gram-negative bacteria (Pseudomonas aeruginosa), 5a showed excellent activity and compounds 5b-5g showed good activity. On the contrary, compound 5b was the most active against Candida albicans. In addition, we evaluated the antimicrobial activity of four synthetic products (5a, 5b, 5d, and 5g) possessing the strongest activities against two Gram-positive bacteria (S. aureus) and Gram-negative bacteria (P. aeruginosa) against a fungus (Candida albicans) by the determination of the MIC in a liquid medium.
We determined the MIC values of the products tested against two bacteria and a fungus. en, the minimal inhibitory concentration (MIC) values of benzylpyrazolyl coumarin derivatives were determined against Staphylococcus aureus ATCC 6538, Pseudomonas aeruginosa ATCC 49189, and Candida albicans. e obtained results are given in Table 5 .
We have noticed that the compounds 6a, 6b, and 6g are very active by comparing with ampicillin used as a control antibiotic against the strain Staphylococcus aureus. ese same results showed that the compounds 6a and 5a are very active against the fungus Candida albicans by comparing with a standard antifungal "fluconazole."
Antioxidant Activities
e scavenging activity of the synthesized benzylpyrazolyl coumarin derivatives 5 with DPPH (1,1-diphenyl-2-picrylhydrazyl) was investigated ( Figure 3 ). e analysis of the results showed that the profiles of the antiradical activity obtained reveal that the synthetic products tested compound 5 have a very important antiradical activity. For a used concentration (0.0625 mg/ml), the product 5e has a radical activity lower than gallic acid and BHT (butylated hydroxytoluene). Of the same way, the compound 5b for a concentration equal to 0.01575 mg/ml has a lower radical activity than gallic acid and BHT (butylated hydroxytoluene). At a concentration of 1 mg/ml, these products revealed a very interesting activity of DPPH in comparison with the activity of the synthetic antioxidants used.
Conclusion
In this study, the synthesis of pyrazolone-linked coumarin derivatives through a four-component, one-pot condensation of ethyl acetoacetate, aromatic aldehydes, hydrazines, and 4-hydroxycoumarin using ([BMIM] [CF 3 SO 3 ]) as a green solvent was described. In addition, their structures were confirmed by elemental and spectral analyses. e antibacterial and antioxidant property of the synthesized compounds were assessed against Gram-positive and Gram-negative bacteria. Some of the compounds were very effective as antimicrobial agents. e results of the research were promising, and some of the synthesized derivatives represent good candidates for MIC determination during future studies. is study further presents benzylpyrazolyl coumarin derivatives as a new class of antioxidant agents, and it may serve as a model compound for design and development of therapeuticbased anticancer inhibitors. Table 4 : Antibacterial activity of the prepared compounds 5(a-g)-6(a-g).
Experimental

Compounds
Microorganisms
Micrococcus luteus LB 14110
Listeria monocytogenes ATCC 19117
Staphylococcus aureus ATCC 6538
Pseudomonas aeruginosa ATCC 49189 Journal of Chemistry Elemental microanalysis was performed on an Elementar Vario El III Carlo Erba 1108 elemental analyzer, and the values found were within ±0.4% of the theoretical values. Melting points were determined with the Kofler bench. e biological analysis was done regarding our previous work [36, 37] . rivatives 5(a-g)-6(a-g) . A mixture of hydrazine (5 mmol, 0.157 mL) or phenylhydrazine 1 (5 mmol, 0.491 mL), ethyl acetoacetate 2 (5 mmol, 0.6 mL), aromatic aldehyde 3 (benzaldehyde (5 mmol, 0.510 mL), para tolyl benzaldehyde (5 mmol, 0.589 mL), 4-(dimethylamino)benzaldehyde (5 mmol, 0.745 g), 4-nitrobenzaldehyde (5 mmol, 0.755 g), 3bromobenzaldehyde (5 mmol, 0.582 mL), m-anisaldehyde (5 mmol, 0.609 mL), 3-hydroxybenzaldehyde (5 mmol, 0.610 g)), 4-hydroxycoumarin 4 (5 mmol, 0.810 g), and glacial acetic acid (10 mmol%, 0.02 mL) in 5 ml of ionic liquid [BMIM][CF 3 SO 3 ] was stirred at 210°C. After completion of the reaction (indicated by TLC), the reaction mixture was then cooled to the room temperature to give a precipitate, and the free-flowing solid was filtered and washed with water. e precipitated crude product was purified by recrystallization from hot ethanol. e isolated compounds were well characterized by IR, 1 H NMR, 13 C NMR, and elemental analysis. 13 
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